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The expression of upper cytoplasmic (U-CYT) antigens 
w hich are expressed only in the superficial layers of the 
epidermis and are markers of epidermal cell differentia-
tion in vivo and of basement zone (BMZ) antigens react-
ing '-Vith bullous pemphigoid serum was studied in ker-
a tinocytes in tissue culture. The cells were cultured at 
an acid pH (5.6-5.8) similar to that of skin and without 
feeder cells, dermal tissue, or collagen. It was found that 
the expression of U-CYT antigens decreased markedly 
in culture. These antigens were expressed in 45-65% of 
epidermal cells prepared from fresh skin, but in only 5-
10% of cells which had been grown in primary culture 
over 1 mo, and in no cells in secondary or tertiary 
culture. By contrast, BMZ antigens continued to be ex-
pressed in culture. These antigens were expressed by 
20-35% of epidermal cells prepared from fresh tissue and 
by 15-35% of keratinocytes in primary, secondary or 
tertiary culture. These findings indicate that U-CYT and 
BMZ antigens can be used to type subpopulations of 
hum.an keratinocytes in suspension, and suggest that the 
differentiation of these cells in vitro differs from that 
w hich occurs in vivo. 
Three immunologically distinct types of a ntigens occur 
co n currently in the cytoplasm of normal human keratinocytes 
[1,2]. The antigens differ by their location in different subpop-
ulations of keratinocytes. One type (V -CYT a ntigens) is present 
only in cells of the upper layers of the epidermis [3- 6], another 
(BCL antigens) only in the basal cell layer [7-9], and the thi.rd 
(G-CYT a ntigens) is generally present in all keratinocytes 
[3,5]. 
Little is known about the nature of epidermal cytoplasmic 
antigens. However , the V -CYT and BCL antigens are stratified 
in dist inct layers of the epidermis and are lost in malignant, but 
not in benign, tumors of the skin [2,6,10] indicating that they 
are products of different stages of keratinocyte differentiation . 
Thus, these 2 antigens are useful markers of epidermal cell 
differentiation in vivo [2,10-12]. The G-CYT antigens are ex-
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pressed in all keratinocytes, but in no other cells, indicating 
that they are tissue-specific antigens of the epidermis [10]. 
Since further understanding of the nature of epidermal cy-
toplasmic antigens will most easily be obtained by in vitro 
studies, the following experiments were conducted to investi-
gate whether V-CYT antigens are expressed by human keratin-
ocytes in tissue cultw-e. The expression of basement zone 
(BMZ) a ntigens was also investigated as another m arker of 
epidermal cell differentiation. The studies were conducted in a 
tissue cultw-e system where keratinocytes were grown without 
feeder cells, dermal tissue, or collagen [13], and at an acid pH 
(5.6-5.8) which is similar to that of epidermis in vivo [14,15]. 
The results indicate that the expression of V-CYT, but not of 
BMZ a ntigens, is markedly decreased in cultured keratinocytes. 
This finding suggests that even though keratinocytes in cul tw-e 
stratify and express morphological markers of differen t iation, 
the differentia tion of these cells in vitro differs from that which 
occurs in vivo. 
MATERIALS AND METHODS 
Cells 
Epidermal cells were obtained from fresh sw·gical specimens of 
human skin or from cadavers within 6 hr after death. Skin was obtained 
from different locations (neck, breast, trunk) . Single cell suspensions 
were prepared from the epidermis and established and mainta ined in 
tissue culture as described by Eisinger et al [13]. Briefly, skin samples 
were freed of fatty tissue with scissors and washed several times with 
minimal essential medium (Gibco, Grand Island, NY) with Earle's salts 
and antibiotics. Discs of t issue were cut from the epidermal side of each 
specimen, washed in 0.02% EDTA (Sigma, St. Louis, Missouri) , and the 
pieces incubated in 0.25% trypsin (1:250, Difco, Chicago, Ill.) at 4°C. 
After 12-15 h.r the tissue was transferred to a fresh dish and the 
epidermis was detached from the dermis with fine forceps. Isolated 
epidermal samples were pooled in trypsin/ EDT A and individual cells 
were teased apart with forceps and gentle pipetting. The process was 
repeated until only the strateum corneum and an undertermined, but 
small number, of superficial keratinocytes adhering to the strateum 
corneum remained in the dish [13). The suspended cells were fil tered 
through sterile gauze, concentrated by centrifugation, and resuspended 
in cultu.re medium. The cells were seeded into plastic tissue cultUl"e 
vessels at a density of 2.5-3 x 10" cells/cm2 in complete cultUl"e medium 
(Eagle's minimal essential medium, nonessential amino ac ids, 10% feta l 
calf serum (FCS), 2 mM L-glutamine, 0.4 Ilg/ ml hydrocortisone, peni-
cillin, streptomycin and Fungizone. The cells were grown and main-
tained at a pH of 5.6-5.8 at 36°C in a humidified air with 5% CO2• 
Single cell suspensions of cultured cells were prepared for immuno-
fluorescence studies by washing plates wi th PBS. Plates were then 
incubated repeatedly for 5 min at 37°C with aliquots of trypsin/ EDT A 
solution (0.5 gm/ L trypsin 1:250 and 0.2 gm/ L EDTA) without calcium 
or magnesium until essentially 100% of the cells in culture were sus-
pended. Trypsinisation was terminated with FCS. Cells were used at a 
final concentration of 10" ceLls/ ml in HBSS with 10% FCS. The same 
process ·was used to plate epidermal cells for secondary and tertiary 
cul ture. Plates of primary cultw·e were trypsinized as described above, 
the cells collected in complete medium, concentrated by centrifugation, 
and split in a 1:3 ratio for seeding into new plates. 
Normal human fibroblasts and human melanoma cells were estab-
lished and maintained in tissue cultUl"e as previously described [16]. 
The cells were grown in monolayers in 100 mm plastic dishes in RPMI 
1640 (Gibco, Grand Island, NY) supplemented with 10% FCS, 100 fLg/ 
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ml fungizone, and 5 f-Lg/ml kanamycin. Single ce Ll suspensions for 
immunofluorescence studies were prepared as described for keratino-
cytes. 
Antisera 
Allogeneic antisera to human U-CYT antigens were obtained by 
screening a la rge number of individua ls by indirect immunofluorescence 
as previously described [I). Extensive specificity studies indicate these 
antibodies react to antigens present only in human keratinocytes (10). 
All studies were performed with 2 antisera containing antibodies to 
universally expressed U-CYT antigens. The titer of U-CYT antibodies 
were 1:10 and 1:20. Normal human serum lacking cytoplasmic anti-
bodies and sera of 3 patients with bullous pemph igoid and antibodies 
to BMZ antigens in titers of 1:1280 were used as controls. All sera were 
stored at -30°C. Fluorescein labeled goat antiserum to human IgG was 
obtained commerciaLly (Hyland, Costa Mesa, Cal.). It reacted specifi-
ca lly to human IgG by immunoelectrophoresis. The protein concentra-
tion was 24 mg/ml, the antibodies content 1.6 mg/ ml, the flu orescein 
isothiocyanate concentration 0.166 mg/ml, and the F-P ratio 6.0 mg/g. 
Tm.mu.noflu.orescence Tests 
Single drops of epidermal cells, suspended at a concentration of 10" 
ce lls/ ml in HBSS, were placed on glass s lides and air dried. Indirect 
immunoflu orescence was performed by standard techniques as previ-
ously described (1). Antisera to U-CYT antibodies were used at a 
di lution of 1:5 in phosphate buffered saline (PBS) pH 7.2, BMZ anti-
bodies at a dilution of 1:20, and normal human sera at dilutions of 1:5 
and 1:20. The conjugate was used at a dilution of 1:50 in PBS. Slides 
were examined with a Zeiss binocular microscope equipped with a 
mercury vapor lamp and FITC exciter and no. 50 barrier filters. All 
tests were done in duplicate and in all cases the proportion of stained 
cells was evaluated afte r coun t ing 200 cells, and the average va lue used. 
RESULTS 
Expression of U-CYT and BMZ Antigens in Suspensions of 
Fresh Keratinocytes 
Because U-Cy'T antigens are known to be labile, the initial 
experiments were conducted to determine whether these anti-
gens were. retained in suspension of keratinocytes prepared 
from fresh skin . 
S ingle cell suspensions of keratinocytes were prepared fTom 
surgically excised skin as described in methods. The results 
obtained when the cells were reacted with serum containing 
antibodies to U-CYT antigens by indirect immunofluorescence 
are illustrated in fi g lA.It can be seen clearly that many of the 
cells contained U-CYT antigens, as evidenced by the bright 
gree n fluorescence of the cytoplasm of positive cells. Only very 
fa int backgl'ound fluorescence was observed when the same 
. cells we\'e reacted with similar dilutions of normal human serum 
(see Fig lE), indicating that the staining observed with U-CYT 
antibodies was not due to nonspecific reactions. Similar results 
were obtained with preparations of fresh keratinocytes prepared 
fro m 8 different tissues, indicating that the U-CYT antigens 
being detected were of the universal subgroup [10]. U-CYT 
positive cells accounted for 45-65% of the total cell populations 
(see Table). 
The results obtained when cells were reacted with sera con-
taining a nt ibodies to BMZ antigens is illustrated in Fig IC. It 
can be seen that a number of cells expressed BMZ antigens, as 
evidenced by a thin cap of fluorescence confined to one pole of 
, the cells. This fluorescence is quite distinct from the even 
staining of the entire cytoplasm of cells observed with U-CYT 
antibodies. This flu orescence was not present when cells were 
reacted with similar dilutions of normal hu'man serum. Similar 
resul ts were obtained with suspensions of fresh epidermal cells 
prepared from 8 different tissues. The proportion of BMZ 
antigen positive cells ranged from 20-35%. 
Closer examination indicated that the suspended cells were 
composed of 2 different sUbpopulations of cells that could be 
distinguished by morphological criteria. One subpopulation 
consisted of large cells with a low nuclei:cytoplasm ratio. Ap-
proximately 90-95% of these cells were positive for U-CYT 
antigens, and none were positive for BMZ antigens. Thus, these 
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FI G 1. Immunofluorescence photomicrograph of suspensions of 
fresh human keratinocytes reacted with: A. alloserum containing an ti-
bodies to U-CYT antigens. Note the sharp contrast between brightly 
fluorescing ceLls which express U-CYT antigens, and fain tly fluorescing 
cells which do not. B. Control normal human serum. Note that while 
there is staining of a ll cells, t he in tensity of the stain is faint and all 
cells stain to the same extent. C. bullous pemphigoid serum with 
antibodies to BMZ antigens. Note that the fluorescence of positive cells 
is restricted to a cap on one pole of the ce lls. (reduced from x 250). 
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Effect of time in culture on expression of U-CYT antigens 
by heratinocytes 
Origin o f Ce lls 
Fresh cells 
Primary cultures 
Seconda r y 
cul tures 
Tertiary 
cultures 
Days in 
Cul ture 
o 
2 
6-8 
10- 12 
15-16 
20-21 
28-30 
33 
35 
33-35 
33-35 
Number of 
Experi ments 
8 
1 
6 
3 
2 
2 
2 
2 
2 
U -CYT anligen positive cells 
% (range) 
57.2 (45-65) 
28 
17.3 (12-25) 
12.3 (12-25) 
10 
10 (8-10) 
11 (10-12) 
10 
5 
0 
0 
cells were most likely keratinocytes in latter phases of differ-
entiation and strateum corneum cells. The other subpopulation 
consisted of small round or cuboidal cells with a high nuclei: 
cytoplasm ratio. These were the only cells that expressed BMZ 
antigens. Twenty-five to 35% of this subpopulation expressed 
U-CYT a ntigens. Thus, these cells were most likely basal cells 
as well as keratinocytes in early phases of terminal differentia-
tion. 
These results indicate that U-CYT and BMZ antigens are 
retained in single cell suspensions of keratinocytes obtained 
from fresh human skin . 
Expression of U-CYT and BMZ Antigens in Cultured 
Keratinocytes 
To determine whether U-CYT antigens were expressed by 
keratinocytes in vitro, simila r immunofluorescence studies were 
performed on suspension of keratinocytes prepru'ed from cells 
which had been grown in t issue culture for various period of 
time (6 days to 35 days). The results of a typical experiment 
are illustrated in Fig 2A. It can be seen that the cytoplasm of 
some cells fluoresced very brightly, in contrast to the remaining 
cells which demonstrated a very faint background fluorescence. 
Similar resul ts were obtained with 18 cell suspensions prepared 
from 14 diffe rent primary cell cultures. All cell suspensions 
were also reacted with similru' dilu t ions of normal human serum 
lacking U-CYT antibodies. In every instance, there was only 
very faint background flu orescence (see Fig 2B). When U-CYT 
antibodies were reacted with suspensions of tissue-cultured 
normal human fibroblasts (see Fig 3A) or human melanoma 
cells (see Fig 3B) prepared in a similaT fashion in 2 sepru'ate 
experiments posit ive immunofluorescence was not observed. 
Thus, b rightly staining cells represent individual cells express-
ing U -CYT antigens and ru'e not the results of nonspecific 
reactions or of tissue cul ture ru-tifacts. Overall, the incidence of 
U-CYT positive keratinocytes in culture was lower t han in 
suspensions of fresh cells, and the incidence of positive cells 
declined with time in culture as described subsequently. The 
low proportion of U-CYT antigen positive cells was not due to 
selective recovery of cells, since over 95% of cells in plates cou ld 
be resu spended. Both small and lru'ge cells were present in 
culture, but the proportion of U-CYT antigen positive cells was 
similar in bot h cell populations. 
The results obtained when cultured cells were reacted with 
sera con tainjng ant ibodies to BMZ antigens is illustrated in F ig 
2C Fluorescence was restricted to one pole of the cells a nd was 
in general more granular and diffuse than t hat seen with fresh 
cells_ Only small cells were stained with antibodies to BMZ 
antigens. Similar results were obtained with 9 cell suspensions 
prepared from 7 different cell cultures. This fluorescence was 
never observed when the same cells were reacted with similar 
dilutions of normal human serum or when sera containing 
an tibodies to BMZ antigens were reacted to human fibroblasts 
or melanoma cells in tissue cultuTe. 
FIG 2. Immunoflu orescence photomicrograph of suspensions of 20-
day-old cul tured human keratinocytes reacted with :"A. Alloseru m con-
ta ining antibodies to U-CYT ant igens. Note t he shru'p contrast between 
flu orescen t cells expressing U -CYT antigens (i) aJld faintly fluorescing 
cells which do not ( n) . B. Control normal human serum. Note t hat the 
fluorescence of a ll cells is similru·. C. Bullous pemphigoid serum with 
antibodies to BMZ antigens. The fluorescence of positive cells is re-
stricted to a cap on one pole of the ce lls. (reduced from x 250). 
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FIG 3. In1munofluorescence photomicrograph of suspension of: A. 
cu ltured normal human fibroblasts and B. cu ltUJ'ed human malignant 
melanoma cells reacted with antiserum to U-CYT antigens. The fluo-
rescence of ce lls is similar and faint (reduced from X 250). 
Changes in Expression of U-CYT and BMZ Antigens with 
Time in Culture 
The proportion of cultured keratinocytes expressing U-CYT 
and BMZ antigens was evaluated in cells which had been 
. maintained in culture for various periods of time. As summa-
rized in the table, the proportion of cells expressing U -CYT 
antigens decl ined markedly with increasing time in culture from 
a high of approximately 28% after 2 days in culture to a low of 
approximately 5% after the cells had been in primary culture 
for over 35 days. Cells expressing U-CYT antigens were not 
found in secondary and tertiary cultures of keratinocytes. In 
one culture of keratinocytes which was studied serially, approx-
imately 12% of cells expressed U-CYT antigens after 10 days in 
culture, whereas 35 days after seeding U-CYT antigens were 
expressed by only 5% of cells in primary culture and by none of 
the cells in secondary or tertiary cultw·e. It was of interest that 
the proportion of cells expJ;essing U-CYT antigens remained 
. relatively stable during the 2nd to 4th week in culture, even 
though cell density per plate increased approximately 3-5 fold 
during this time. This finding suggests that there was some new 
synthesis of U-CYT antigens in vitro. 
In contrast, to U-CYT antigens, the expression of BMZ 
. antigens remained relatively stable during prolonged culture. 
Approximately 25-35% of cells expressed BMZ antigens after 2 
days of cu lture, and this proportion remained similar in cells 
which had been in primary culture or in cells in secondary and 
tertiary culture for over 4 weeks. Fifteen percent of the cells 
were positive 6 weeks after seeding at a time when there was a 
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marked increase in the proportion of suprabasal keratinocytes 
[13]. 
DISCUSSION 
Our findings indicate that U-CYT and BMZ antigens can be 
detected in suspensions of fresh or cultured human keratino-
cytes. The expression of the U-CYT, but not of the BMZ, 
antigens decreased markedly following several weeks in tissue 
culture. 
U-CYT antigens are a family of antigens which are expressed 
in the cytoplasm of keratinocytes in the superficial layers of the 
epidermis [2-6). These antigens are tissue- but not species-
specific [10,11]' There are 2 subgroups of these antigens, one of 
which is universally expressed in all individuals, while the other 
consists of a family of antigens which are variably expressed in 
different individuals [10). The stratification ofU-CYT antigens 
in t he superficial layers of the epidermis [2,10-12], their absence 
in malignant tumors of the skin [10], and their retention in 
benign epidermal growths and psoriasis [2,10] indicate that 
these antigens are markers of the terminal differentiation of 
keratinocytes. 
The results of our studies clearly indicate that despite their 
being labile, U-CYT antigens are retained following the proce-
dures required to prepare single cell suspensions of keratino-
cytes fTom fresh human tissue. Approximately 45-65% of the 
suspended cells express U-CYT antigens and are thus keratin-
ocytes in terminal phases of differentiation. The true proportion 
of cells containing U-CYT antigens in skin is undoubtedly 
higher, since the method used to suspend the cells leads to 
selective loss of the most superficial keratinocytes [13]. U -CYT 
antigens are also retained in suspensions of epidermal cells 
prepared from fresh guinea pig skin [17]. We also found that 
BMZ antigens of the type reacting with bullous pemphigoid 
serum are retained in suspensions of keratinocytes prepared 
from fresh human tissue. The antigens are present as a thin cap 
on one pole of the cells similar in appearance to BMZ antigens 
expressed on guinea pig epidermal cells [18]. BMZ antigens 
were expressed by 20-35% of cells, a figul"e consistent with 
previous observations [13] that 27% of cells trypsinized from 
normal human skin are "basal" by cytological criteria. 
Major differences in the expression of U-CYT and BMZ 
antigens by keratinocytes in culture were observed in our study. 
The expression ofBMZ antigens was stable, for at least 4 weeks 
in culture, with approximately 25-35% of cells expressing these 
antigens in primary, secondary, or tertiary culture. Since the 
number of cells in culture increased many folds during this 
time, there was clearly de novo synthesis of BMZ antigens. 
Furthermore, since the cells were grown without feeder cells or 
dermal tissue, the findings indicate that BMZ antigens are 
synthesized by basal cells. The proportion of BMZ antigen 
positive cells declined to 15% after 6 weeks in culture, reflecting 
the increasing accumulation of differentiated suprabasal kera-
tinocytes [13). 
By contrast, the expression of U-CYT antigens decreased 
markedly in culture. While 45% of keratinocytes prepal'ed from 
fresh epidermis express these antigens, They are present in less 
than 10% of cells which have been in culture for over 4 weeks 
and cannot be detected at all in cells in secondary or tertiary 
cultures. The actual decrease in expression of U -CYT antigens 
in cu lture is probably even greater than indicated by these 
figures, since a number of the U-CYT antigen positive cells 
probably represent a carryover of antigens originally expressed 
in vivo. Whether in fact any new synthesis of U-CYT antigens 
occurs in vitro was not determined. However, the fairly stable 
proportion of U-CYT antigen positive cells during the 2nd to 
4th week in culture, at a time when the total cell population 
increases 3-5 fold, suggests that some de novo synthesis does 
occur. 
The striking decrease in expression of U-CYT antigens by 
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cultured keratinocytes suggests that full terminal differentia-
tion of these cells does not occur under the conditions used for 
our cultures. The causes for this were not established. There is 
considerable evidence t hat keratinocytes grown in our system 
develop many of the morphological features of differentiated 
epidermal cells [13]. By electronmicroscopy these cells grow 
into rnultilayers structures in 2 to 3 weeks and display tonofil-
aments, desmosomes, keratohyaline granules, membrane bound 
granules and "cornified envelopes" [13]. These cells also express 
several of the tissue-specific ant igens of skin including BMZ 
antigens, as reported here, and intercellular antigens (unpub-
lished personal data). Whether, and which, culture condition 
[19] led to the decreased expression of U-CYT antigens is not 
clear. T he pH of the medium was low (pH 5.6- 5.8) but well 
within the physiological pH of skin surface in vivo which has 
been reported to range from 4.2 to 6.2 [14,15]' It must be noted, 
though, that the pH of the interstitial fluid in which the cells 
grow is not known. However, keratinocytes do not grow at a 
neutral pH in our system. Since the cells were grown in the 
absence of feeder fibroblasts [20], dermal tissue or collagen [21-
24], it is tempting to speculate that the change in expression of 
U-CYT ant igens was due to the absence of these components, 
and that consequently, th e full terminal differentiation of epi-
dermal cells requi.res a dermal influence. 
We wish to thank Mrs. O. Marko for her excellent technical assist-
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